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Introduction and motivation
Whether and how financial markets react to the various types of information flowing into them has long been a subject of intense research. Blinder et al. (2008) document the clear influence of central bank communication on financial markets in developed countries. Andersen et al. (2007) produce similar evidence with respect to macroeconomic announcements. Empirical evidence on the effects of these two types of news has also been provided specifically for exchange rates (Andersen et al., 2003; Barndorff-Nielsen and Shephard, 2006; Ehrmann and Fratzscher, 2007; Evans and Lyons, 2008) . Most of the research focuses on developed countries, though. We contribute to the literature by focusing on European emerging markets and show that their currencies are responsive to both macro news and central bank communications in general but their responsiveness differs in periods before and during the crisis.
Exchange rates, similar to other financial market instruments, are quite responsive to developments in the real economy that are channeled to the market via macroeconomic news releases. Cavusoglu (2010) surveys the relevant literature and provides extensive evidence that developments in macroeconomic fundamentals are important for exchange rate movements. Similar to stocks, negative news have a larger impact than positive news of the same magnitude (Andersen et al., 2003; Galati and Ho, 2003; Laakkonen, 2007) . These effects change over time (Galati and Ho, 2003) and differ with the specific type of macroeconomic news (Edison, 1997; Ehrmann and Fratzscher, 2007) . Evans and Lyon (2008) and Laakonen (2007) argue that a large part of the effects of macroeconomic news should be attributed to order flows and Fratzscher (2006) and Laakonen (2007) show that macroeconomic news releases have produced about 15% of the exchange rate variation.
From the mid-1990s monetary authorities, especially in the US and the Eurozone, began to favor verbal interventions on account of foreign exchange sales and purchases (Fratzscher, 2006) . Further, since the beginning of the financial crisis in 2008 it has become evident that for numerous central banks their communication has become an important tool for policy making as well as expectations management. The impact of central bank verbal communications have become highly relevant during the period of the recent turmoil when zero bound interest rates limit traditional monetary policy steps and verbal interventions might represent one of the important policy channels.
Central bank communication became more important in influencing the exchange rate via the coordination channel (Cavusoglu, 2010) . Official statements of the ECB about the euro-dollar exchange rate were shown by Fratzscher (2004 Fratzscher ( , 2006 to have both short-and 1 long-run effects on the exchange rate, plus they were effective even without being accompanied by actual interventions. Even rumors about actual interventions were shown by Dominguez and Panthaki (2007) to cause exchange rates to move. On the other hand, Jansen and de Haan (2005) showed that the effect of verbal statements by national central banks in the Eurozone was small and short-lived, in particular if combined with the release of macroeconomic news. Similarly, Siklos and Bohl (2008) find that actual interest rate moves had a larger impact on the exchange rate than verbal interventions, a feature hinting at deeds being more important than words. They point out that the estimation techniques used have a bearing on the conclusions and that the way central bank statements are coded in empirical works also matters. Still, verbal interventions by central banks tend to reduce exchange rate volatility in a number of developed as well as emerging economies (Fratzscher, 2004; Fišer and Horváth, 2010; Lahaye et al., 2007; Goyal and Arora, 2012) . 1 What is the empirical evidence for the CEE region? Exchange rates are known to be volatile in emerging markets (Bleaney and Francisco, 2007) , including those in the CEE region (Kočenda and Valachy, 2006) . However, they are much less explored than those of the developed markets and one of the main reasons for this is the lack of data (Cavusoglu, 2010) .
So far, we know very little about how the findings from developed markets apply to CEE markets. In terms of central bank communication, Égert (2007) employed an event study framework and finds that interventions coupled with central bank communication and backed by interest rate news have quite a lasting effect on the exchange rate of the Czech, 2 Hungarian and Polish currencies. Similarly, Gábriel and Pintér (2006) report a smoothing effect of central bank communication on the Hungarian forint and Fišer and Horváth (2010) show a reduction in the volatility of the Czech koruna due to verbal communication.
In this paper, we augment the relevant literature by analyzing the impact of macroeconomic news and central bank communication on CEE currencies, notably the Czech Republic, Hungary and Poland, for which data on macroeconomic and central bank news are available. In this respect, we fill the gap in the literature by analyzing the effects of macroeconomic news and central bank communication in Central Europe as this topic is 1 We do not examine the determinants of the forex interventions as this is done in the literature providing opposite insights than our analysis. From the perspective of the CEE countries Horváth (2007) finds that inflation targeting adopted in the Czech Republic worked as a binding constraint on the occurrence of the forex interventions. 2 Using econometric estimates, Geršl and Holub (2006) provide some evidence that the Czech central bank's market interventions, in various periods between 1997 and 2002, had a statistically significant, short-lived and economically not very important impact on the exchange rate of the Czech currency and its volatility. grossly under-researched despite the fact that the region attracts considerable amounts of foreign financial capital (Jotikasthira et al., 2010) 3 and spillovers from financial turmoil in advanced markets result in loosening of exchange rate policies in emerging markets (Coudert et al., 2011) . We contribute with several novelties. First, we use a monetary model to calculate the nominal equilibrium exchange rate to be used in high-frequency exchange rate models. Second, the determinants of short-term exchange rate movements are studied using a set of accurately identified macroeconomic news and central bank communications not employed in the exchange rate analysis of CEE currencies so far. Third, we use a non-linear modeling framework, which allows the exchange rate to move back to the monetary equilibrium at different speeds depending on the size of the deviation from equilibrium. The paper describes our modeling strategy in Section 2, data in Section 3 and empirical results in Section 4. Conclusions are offered in Section 5.
Modeling strategy
Our modeling strategy has two stages in which we follow the approach of Égert (2010) . First,
we use the monetary model to compute long-run equilibrium exchange rates. Second, we estimate high-frequency exchange rate models by incorporating the deviation from the monetary equilibrium, macroeconomic news, central bank communication and a set of control variables. The idea of the two-stage approach is to produce daily interpolations of the long-term exchange rate that is in line with monetary fundamentals, from which deviations can be observed easily. In fact, it is current practice to evaluate the long-term real exchange rate (also termed equilibrium real exchange rate) by estimating a reduced form real exchange rate model. The problem with this approach is that it gives the deviations of the real exchange rate from its estimated long-run values, and that deviations can be corrected either via changes in the nominal exchange rate or changes in domestic or foreign prices. Therefore, it is more convenient to estimate a nominal exchange rate model where adjustments to equilibrium can occur only through changes in the nominal exchange rate ).
An easy way to obtain long-term values of the exchange rate for modelling high frequency exchange rates is to use a moving average or a trend obtained on the basis of a filtering technique. This is a similar method as that of Fidrmuc and Horváth (2008) 
where t e is the nominal exchange rate, expressed as units of domestic currency units over one unit of foreign currency (an increase means a depreciation of the domestic currency). m, y and i are money supply, real output and short-term interest rates. In this paper, the euro area represents the foreign country. Equation (1) shows that a relative rise in money supply results in a currency depreciation. An increase in relative real income causes depreciation. Regarding the effects of the interest rate, a rise in the long-term interest rate differential causes currency depreciation, in line with the uncovered interest parity condition. We extend the basic model by including the productivity differential and the relative price of non-tradable goods with respect to the tradable goods to capture the Balassa-Samuelson effect (see Clements and Frankel, 1980 and As the variables in levels turn out to be I(1) processes (see section 3 on data sources and definitions), 5 we subsequently use dynamic ordinary least squares (DOLS) to estimate 4 An easy way to obtain the long-term values of the exchange rate for modeling high-frequency exchange rates is to use a moving average or a trend obtained on the basis of a filtering technique. It appears, however, more appropriate to evaluate the long-run nominal exchange rate in a more structural way. It is current practice to evaluate the long-term real exchange rate (also termed the equilibrium real exchange rate) by estimating a reduced-form real exchange rate model. The problem with this approach is that it gives the deviations of the real exchange rate from its estimated long-run values, and that deviations can be corrected either via changes in the nominal exchange rate or changes in domestic or foreign prices. Therefore, it is more convenient to estimate a nominal exchange rate model where adjustments to equilibrium can occur only through changes in the nominal exchange rate. Finally, using an exchange rate monetary model for the above purpose is a theoretically more correct way and from practical purpose it is also better approach than using an avreage, a trend, or a randomwalk as argued by Crespo-Cuaresma and Hlouskova (2005) . See also Poghosyan et al. (2008) the long-run relationship. Stock and Watson (1993) show that DOLS accounts for the endogeneity of the regressors and the serial correlation in the residuals by incorporating the lags and leads of the regressors in first differences:
where k 1 and k 2 denote leads and lags, respectively. The length of leads and lags is determined on the basis of the Schwarz information criteria. The presence of cointegration is assessed upon the stationarity of the residuals obtained from the long-term relationship ). We also make use of the error correction term as a test of cointegration as Kremers et al. (1992) argue that it is more powerful than the residual-based Dickey-Fuller test. Furthermore, we cross-check cointegration using Johansen's trace statistics.
High-frequency exchange rate modeling
We incorporate the monetary equilibrium in our model of exchange rate returns ( t e ∆ ). 6 Our linear specification is the following: are the ARCH and GARCH terms that are needed because of the volatility clustering observed in the exchange rate-return series. 6 Returns are calculated as follows throughout the paper: (e(t)/e(t-1)-1)*100.
Next, we allow for nonlinear effects in the explanatory variables as a function of the deviation from the monetary equilibrium (DEV). We indeed look at whether deviations from the equilibrium are linked in a nonlinear fashion to changes in the exchange rate in the mean equation. The nonlinear model with one nonlinear variable can be written along the lines of the framework proposed by Hansen (1999) :
where ρ is the threshold variable and T denotes the threshold value of the threshold variable that separates the two regimes. The threshold variable is the deviation from equilibrium (DEV). Thus, a deviation from the monetary equilibrium is allowed to have a different effect on exchange rate returns depending on the distance of the exchange rate from its equilibrium value. Note that monthly deviations from the monetary equilibrium are linearly interpolated to daily frequencies. The errors are assumed to be white noise. The two-regime model can be easily extended to three regimes:
The selection between linear and nonlinear models is done as follows. We first estimate the linear model and the two-regime model. A grid search with steps of 1% of the distribution is carried out to find the value of the threshold variable that minimizes the sum of squared residuals of the estimated two-regime model. Hansen (1999) shows that the null hypothesis of 2 1 ϕ ϕ = can be tested using a likelihood ratio test. Given that the likelihood ratio test statistic does not follow a standard asymptotic distribution, as the threshold value is not identified under the null hypothesis, the distribution of the test statistic is obtained through bootstrapping based on random draws with replacements using 1000 replications (Hansen, 1999) .
If the likelihood ratio test statistic rejects the null hypothesis of the linear model against the two-regime model (on the basis of the bootstrapped critical values), we also analyze whether there are three different regimes instead of two regimes. A three-regime model is estimated using the two threshold values of the threshold variable that minimize the sum of squared residuals across the estimated models. 7 The bootstrap procedure described above is applied to the two-regime and three-regime models.
Data

Exchange rates and macroeconomic data
Daily exchange rate quotes of the CEE currencies (the Czech koruna, Hungarian forint, and 
Central bank communication about exchange rates
Oral (verbal) central bank intervention is an official statement by the central bank expressing the bank's view about an over or undervaluation of the exchange rate with respect to macroeconomic fundamentals (Fratzscher, 2006) . Oral (verbal) interventions may influence the exchange rate via the coordination or signaling channel. The coordination channel involves coordinating individual expectations to converge on models driving an exchange 7 The threshold from the two-regime model is held fixed and a grid search is used to identify the second threshold. We impose the restriction that the two thresholds should be separated at least by 10% of our sample observations and that the 10% of the sample is trimmed on both sides of the distribution. Once the second threshold is identified, a backward grid search is done to identify the first threshold as suggested by Hansen (1999) . 8 This division also corresponds to the worldwide decline of stock markets after December 2007 and to the fact that NBER designated the US to be in recession from December 2007 to June 2009. rate towards parity level (Sarno and Taylor, 2001 ). The signaling channel provides the market with information about future monetary and intervention policies and relevant macroeconomic fundamentals (Mussa, 1981 
Macroeconomic announcements
We gathered data on ten types of macroeconomic announcements (news) that are divided into three categories. These are announcements on prices (CPI, PPI), real economy (industrial production, real GDP growth, retail sales, trade balance, current account, unemployment), (2011) we construct a data set of announcements in the following way. There are news 10 Data on market expectations do not always coincide with the date of news releases. Expectations may change between the publication of market expectation and that of news releases. However, market analysts tend to interpret macro news in the light of earlier market forecasts and empirical researchers usually implicitely assume no change in expectations between those dates (see eg. Evans and Lyons, 2008) . Further, similar to other researchers in the field, we are unable to account for announcements for which market expectations are not formed and not made publicly available.
associated with indicator i in the form of various macroeconomic releases or announcements that are known ahead of time to materialize on specific dates t. 11 The extent of such news is not known but expectations on the market form a forecast. The excess impact of a news announcement is then defined as the deviation of the news from the prior market expectation.
Further, since announcements are often reported in different units we standardize them to allow meaningful comparison (see e.g. Andersen et al., 2007) . Formally, the excess impact news variable, or surprise as termed by Andersen et al. (2007) , is labeled as xn it and defined given macro news in excess of market expectations, and take the value of zero on days without announcement. This form also eliminates the issue of different units the news are reported in as described above.
Empirical results
We first report the results of the long-term monetary model estimation in Table 2 . In the first stage we estimate the basic monetary model comprising the exchange rate, relative money supply and relative output. We then augment the benchmark model by adding additional explanatory variables: the interest differential and proxies for the Balassa-Samuelson effect (the relative price of non-tradable goods and the labor productivity differential). We select the model for each country in which the variables are cointegrated and in which the coefficients are statistically significant and have the expected sign. The error correction terms from the DOLS models are negative and statistically significant, a feature evidencing weak cointegration. Coefficients of the explanatory variables are all statistically significant and exhibit intuitively correct signs.
In the second stage we estimate the high-frequency GARCH models. The first observation, reported in Table 3 , is the absence of strong nonlinearities in our data. For all 11 There is also news in the form of an unexpected announcement that can be understood as a truly exogenous shock or surprise. The number of such news is negligible and we do not consider them in the present study.
countries and periods, the bootstrapped p-values show that the null hypothesis of the linear model cannot be rejected against the alternative hypothesis of a two-regime model. In Tables   4 and 5 we report the estimate results of the linear model and show a different degree of responsiveness during the pre-crisis and crisis periods. 12 For each currency we estimate GARCH(1,1) models with both the mean and conditional variance equations augmented by the set of news, central bank communications, day-of-the-week-effect dummies and the control variables (country risk premium, short-term interest differential and the euro-dollar cross rate). Further, the linear, two-regime and three-regime models are estimated to allow for differences due to a) nonlinearity in deviation from monetary equilibrium and b) the alternative interpolation of the monthly deviation series to a daily frequency (linear and cubic interpolation). Based on our model specification tests (Hansen, 1999) we estimate models where a deviation from monetary equilibrium is compared to actual fit and linear interpolation to daily frequency is used.
13
As for macroeconomic news during the pre-crisis period (2004) (2005) (2006) (2007) , the single most important macroeconomic announcement seems to be news about producer price inflation:
the coefficients associated with this variable are statistically significant across all three currencies (Table 4) . Improved price development (inflation below expectations) contributes to an appreciation of the Czech and Polish currencies. This finding is in accord with PPP theory. The coefficient is counter-intuitively positive for the Hungarian currency, though.
This finding might be associated with the fact that the Hungarian forint has been subject to an exchange rate regime managed to make the forint stable vis-à-vis the euro. Still, evidence on the effect of price news on the three currencies is in line with the purchasing power parity hypothesis: lower prices are compensated by a strengthening of the domestic currency, which in turn keeps the real exchange rate stable. Finally, the sensitivity of the exchange rate to the news on producer price inflation is intuitively appealing as the manufacturing sectors in the three countries are quite import-intensive and trade with the EU is substantial. As all three countries are inflation targeters, the influence of CPI news is understandably missing.
Statistically significant coefficients associated with news on current accounts are found for the Hungarian and Polish currencies. These negative coefficients are in line with the theory, suggesting that improvements in current account balances lead, under regular circumstances, to an increased inflow of the foreign currency to a domestic country and to the strengthening of the domestic currency exchange rate (Dornbusch and Fischer, 1980) . Further, news on improved retail sales lead to an appreciation of the Polish currency. A surprise increase in retail sales directly translates into increased demand for tradable goods and the currency to pay for them. However, the coefficient value indicates that in Poland the proportion of imported goods to domestic goods is almost equal as the coefficient is relatively small. In addition, the importance of this specific real factor (retail sales) is in line with the evidence in Kočenda and Poghosyan (2009) The control variables complete the picture: day-of-the-week effects are present, emerging market risk tends to weaken all three currencies and the dollar/euro cross rate affects only the Hungarian forint.
The overall lack of statistically significant coefficients for the Czech currency might be caused by the fact that the Czech koruna is traded more heavily on the international forex market than the other CEE currencies. This means there is less room for the effects of news and verbal interventions and more weight given to market forces. Further, the Czech koruna enjoys a large degree of confidence among knowledgeable international money managers and investors. Over the twenty years of transformation, the Czech koruna appreciated in value with respect to all the major currencies and it is almost considered a new safe haven for currency traders.
14 Results for the crisis period (2008) (2009) ) are reported in Table 5 . The pattern of the responses to both macroeconomic announcements as well as central bank communications radically changes in this period. It seems that during the severe crisis, markets ceased to react to macroeconomic news and currencies responded only to the most important information about economic development: news about real GDP growth. Surprise improvements in real output growth create a strong appreciatory effect on the Czech and Polish currencies, while lack of variation precludes inference for the Hungarian forint. An exception from the general lack of responsiveness during the crisis is the positive surprise in consumer prices that delivers a strengthening effect on the Polish zloty. The above findings reflect those of Cai et al. (2009) , who show that in nine emerging markets (including our three CEE countries) during the pre-crisis period (2000) (2001) (2002) (2003) (2004) (2005) (2006) , market uncertainty lowers responsiveness to macro news. We conjecture that our strong result on the lack of responsiveness of the exchange rate to news during the crisis is due to the exceptionally harsh character of the past crisis. During this time most of the economic news published in the media and by the news agencies focused on a potential recession and low economic growth. Other fundamentals are easily overlooked and news on GDP growth seems to be all that matters. When assessed from a different angle, during the severe crisis potentially less important fundamentals do not matter as much as during the calm days because of the stronger impact of contagion coming from 14 Many economic statistics support this perception, unlike in cases of the Polish zloty or Hungarian forint, as documented by Bloomberg.
other markets. Alternatively, the CEE countries were hit by the global crisis through the fall in external demand prompting a negative GDP shock and their financial systems remained stable in large. Therefore, they experienced real, rather than nominal financial shock. Hence, in line with the above, the markets were sensitive to the GDP news rather than detailed news related to finer points in economic development.
In 
Conclusions
In this paper, we analyzed the impact of macroeconomic news and central bank communications on currencies in emerging markets of the Central and Eastern Europe (CEE).
In our two-stage modeling strategy we first estimated variants of the monetary model to calculate the nominal equilibrium exchange rate allowing for a nonlinear return of the exchange rate to the monetary equilibrium depending on the size of the deviation from equilibrium. Next we integrated equilibrium exchange rates into the high-frequency GARCHtype models accounting for the effects of macroeconomic announcements and central bank communication. We provided evidence on the determinants of the short-term exchange rate We provide evidence that the exchange rates of the CEE currencies are responsive to both macro news and central bank communications in general but this responsiveness differs significantly during pre-crisis and crisis periods. Detailed responses vary across the currencies and we conjecture that the exchange rate regime and monetary policy conduct affect these responses. Further, the extent to which particular currencies are traded on the international foreign exchange market might be potential explanation behind these (Czech Republic), 1995 Notes: ECT denotes the error correction term, while UR is the residual based cointegration test. ECM indicates that the reported statistics refer to the error correction model and the long-run relationship estimated using DOLS, respectively. *, ** and *** denote statistical significance at the 10%, 5% and 1% levels, respectively. M3 is monetary aggregate. GDPR is real GDP interpolated linearly from quarterly to monthly frequency. IP is industrial production. IRS is short-run interest rates. CPIPPI is the relative price of nontradable goods over that of tradable goods, proxied by the CPI to PPI ratio. PROD is labour productivity calculated using industrial production and employment in industry. All variables (except interest rates) are taken in logs and as the differential against the corresponding Eurozone variable.
(1) Note: *,**,*** denote statistical significance at 1, 5, and 10 %, respectively 
